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(54) PRODUCTION OF CHLORINE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To produce chlorine at a low 
reaction temperature with a small amount of a cataiyst 
by oxidizing hydrogen chloride with oxygen in the 
presence of a specific ruthenium catalyst 



SOLUTION: Hydrogen chloride is oxidized with oxygen in 
the presence of at least one catalyst selected from a 
supported RuCI 3 . catalyst at 0.5-20wt% weight ratio 
of Ru to a carrier composed of Ti0 2 and/or Zr0 2 , a 
catalyst supporting at least one ruthenium compound 
selected from a ruthenium carbonyl complex, a ruthenium 



organic acid salt, a ruthenium nitrosyl complex, a 
ruthenium ammine complex, etc., on a carrier at 
0.5-20wt.% weight ratio of the Ru to the carrier, a 
catalyst which is a ruthenium oxide catalyst obtained' by 
supporting at least one ruthenium compound selected 
from a chlororuthenate (hydrate), a ruthenate, a salt, 
etc., of a ruthenium oxychloride on a carrier and then 
carrying out the oxidizing treatment at 0.5-20wt.% 
weight ratio of the Ru to the carrier and a catalyst 
prepared by baking the RuCI 3 , catalyst supported on 
the carrier at S 280°C. 
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IERu«!lli^ 9 tf>ife£<Z>£]&fiH£(± 9 6. 2X1 
0'mo 1 /m i n • g - Rutfcofc, 
[0 0 5 2] ^JtS#J 8 

##^3^/1^ y/Pv^^A (Ru, (CO) 12 ) 0. 
2gS:fh7tKo77V (THF) 7 4ml t^?U 

fc 0 im<r>mtf-9> (fft^c s 3 o o s) £ 

}\sif,^)vy y/p^-^AOTHF^fiS&Sft^^ v^ffi 
^a^t^tl^, n-^ y— m^iKU— o'C-ee 

Lt9. 2g©Mi^fc 0 #?>ixfcttjffiS:l 2- 
18. 5^ yi/^^5z_Z>Z£\z£X) , ffi£=?#>& 
ft K^TJTJ/P^/V h y £ A«!&&#fc 0 &*5* 

K^T^^-A- h y/^-^A-g-firogfJfitJi, Ru 
, (CO) „/ (R u, (CO) «+T i Oj) X 1 0 0 
= 2. 0li%Tfcofc 0 /^^^^SoSf-SE^ii, 
Ru/ (Ru, (CO) JTiOj) X 1 0 0 = 1. 0 

^K^7j^/^-^hy^x^^7^^2. 5 S %mm 

8 7ml /m i n „ g£Ut# * £: 1 84ml /m i n X*W, 

"9 C>ffi^©^^ttfi 1 . 6 1 X 1 0 H m o 1 /m i n 

RKfiH4ld: 1 6 1 X 1 0' 4 m o 1 /m i n • g - R u "Cfo 
ofc 0 

[0 0 5 3] &$£0y 9 

&.<Djjmz. £<omm%mmLtc 0 -r^h, 12-1 

8. 5^ -y^ilf 5iWT'5 0 Otl Nff B W$ 
itrfcfgft;^ (Wt^ (*) C S 3 0 0 S ) 1 

0. 0 g&#7;*^— fcv^rtJHK<0hy = h 
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D^/Wl'f^^AM (Ru (NO) (NO,) Ru 

h!) = h7=hn^/Uf=<)^ (R U 
(NO) (NO,) Ru5|I%^) 10. 0g£ 
^i^tfco &f$b*:&©£ 10 0ml /m i n©l 

l^a^T2^mj|Lfcf, 10 0ml/min©|| 

^^^^2 5 0^^1. 5^rar#au 

ftWimfrZ^hfcX. fl&ASU ^<£>@& 10 
10. 6gWc 0 #f>nfcIW^12-18. 
5^ yVaKl-t 6*. Siting, M^^vafSM 

h7=Fn WWVr= *7 ^^Sdf^fif*, R u (N 
O) (NO,) ,/ (Ru (NO) (NO,) , + T i 
0 2 ) X100 = 13. 6lfi%t*foot 0 tV^f^K 
#S<E>fr3Hg«\ Ru/ (Ru (NO) (NO,) S +T 

iO,) xi 0 0 = 4. 3 2li%T*&ofco 

i- Lxmbftf^mit?'? hy-hy-i^ ^ 

X-^A«2. 5g^M^li|5]«(^mi£;f 20 
WE&U &{fc7kS?#;*£: 18 0ml /m i ru Bft*# 
1 80ml/mi n-CJJftii^^rfc^tt^JfeWl <£> 

tg^^t?* M^ttfi^ r> <D^<D^mmt i . 

0 2X1 0 H mo 1 /m i n • g-ttjffi-Cfcofco 
Rutt^SflS?»^ieSS^J5fefiH4tt2 3. 6X1 0" 4 
mo 1/mi n ■ g-RuT'foofc c 

[0 0 5 4] ^lifcM 1 0 

&<9;£ifcfc:J:9ttffi£WaS!bfco ~t^t>h, miiK^Ms 

d+) mmwrnm- ( [ru,o cococh,) 

, (HjO) ,] OCOCH, * nH,0) 1. 3 g £j&zk 
3. 6 glu^lfco #f>nfcASStS:, 12-18. 
5^ ^v-^-i'^^^^^T'S 0 O^l^m^^-tirfc 

mt?-# (mt&'xm (#o c s - 3 o o s ) 

1 0 gi^TbTAPXL, M s ~^^V-^=^f-- ju -7 
t^MJ^nn£/i,f-l>^ (1+) BISftlgSr^gfifiF 
bfc m^bfc&©£6 ottlNfFWLfc^ 10 
0 m 1 /m i n ^agS^tgET-CSia*^ 6 0 t C*T*lB^ 

-18. 5/ 3/'>a|:*5t5ittJ: Sfeffc^v 

t^£.a (l+) S^l£lfittjKE4r^fco a^,-^^ 

y-^^rf--^ -7-fe^ h y ^ onH^7 L =^A (1 

+ ) ffimi&&m<Dftr&m%, [Ru,0 (OCOCH,) 

, (H,0) ,] OCOCH,/ ( [Ru s O (OCOC 

H,) , (H 2 0) s ] OCOC H,+ TiO,) X 1 0 0 = 

9. 3M%t^)ofc 0 A'?-$J*'£&<Dft&m*. 

Ru/ ( [Ru s O (OCOCH,) , (H 2 0) ,] OC 50 
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OCHj+TiOj XI 00 = 4. 6lf%-pfeofc 0 
^^rf--/z-7ir^ h!)^Po£^7=!)A (1+) ffi 

m&f&m 2 . 5 g sr^tewi 1 1 mmi^$zm&fomz.ft 

J^U 18 0ml /m i n, 

18 0ml /mi nT«§£^fc£W2^ii£Ml<Z>&j£; 
Mt:WLT^^l7ofe s &M&1. 8B#Pb1$© 
b#£T\ #ffitt^SSSI9Wlfi3f©^fiH4l±3. 3 0 
X 1 O-'mo 1 /m i n • g -ttj&-?&ofc 0 IfiRu 
fct!lli^^l^«ffii7 1. exiO-'mo 
1/mi n * g — R u Vh^t'o 

[0055] mmm 1 1 

9 tt&&ra»lbfc 0 £i\ y#©-r 

PvVWi, r^n^-3 0 0) 2 0 g^7^77 
^ n |:AH 4 o^Tk 3 0 0ml ^rAiXs 2MJfS& bT 1 B# 
m!)775/^^fc ( a*T*^*Pb, y^^^(C2 

U ^fi"e+#$£#|bTl 5. 1 g©NH 4 l©^y* 

^ 7 y 7, zj \ZAfh^ 3r4 tV/^Ts V 6 O tt^Jfft b## 

fc, ffi^T, [Ru (NH,) J CI, 0 . 9 2 g 

2 9 7ml|:^fLfc^^i^TU &WT\ IrI 

@ffc£rl2~18. 5/ y 

v-y^*a^r^h:/Vx-^A«^^fc 0 fc$3, BSftA'x 
^!>A-g-fi©?f-Jtfie»±, Ru0 2 / (RuOj+S i 
O s ) X100 = 6. 2it%tfcot /^^^^ 
ffiOff^fitrti, Ru/ (Ru0 2 +S i o 2 ) X100 = 
4. 7lf%tfcofc 0 r.©<fc5t^bT#fettfc'>y* 
*fi#Sfcffc/l'^= ? ^ttjig 1. 21g^l2-18. 5t« 

^ Afcgfe^^ >-m^ 5 g £ £ < jg-a-i-s £ 

ti^J;!3tt^S:^b&^»i^JteMi t^i-S^W 
iC^b, &ikfcmtfX%2 0 0m 1 /m i gfeS?^ 
^^2 0 0m 1 /m i n TWM *-&fcEt^ttHJ£03 1 © 

«©B#^T, ¥&«Mffl^>9©»©Mffiffii2. 
2 3X1 0" 4 mo 1/min - g-«Tfoofc 0 ^fi 
Ruttlft^^ii©4«(J4 7. 5X1 0" 1 
m o 1 /m i n • g-RuT'|)of: 0 KJ^^ttlP 

[0 0 5 6] 1 2 

»:©^i-J:!9ttJHCS:W$!!bfc 0 mflRwgHfc^*^* 
(fft^ (tt) SSP-20) 10gW^77^ 
^CAtl, O^l: [R U (NH,) J Cl s l. 36g 



(10) 
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5lffl%7^^7* 10ml £flPx_ N &3tS#ffl$[*S& 

&T3fflJj«U 9 0lCT2^MLtlfe 

©tf-JMlHau RuO,/ (RuOi+TiO,) XI 00 
= 6. 2Sfi%-Cfcofc 0 /U-r^^A^a^fi-^^, 
Ru/ (RuO,+ TiOi) XI 00 = 4. 7jgfi%~C 

T~$J*mm2. 5g^l2-18. 5^S'^zL^-t5 

mt7k0tf*%2 OOml /m i n v ^§f?#;*£2 O 0 
m 1 /m i nTiff£i|i$-tt, KJft^rtiBS: 2 9 9^^^ 

£>l£3R©&J*fiH4W: 1- 6 2X10 o 1 /m i n • 
?3H4fi 3 4. 5 X 1 0 H m o 1 /m i n * g - R u Tfo 

[0 0 5 7] HffiM 1 3 

* =i I^Aft, 4 5 0ml £Aft, JDlLt 1 B#= 

mV 7 7 y^^fc 0 £i&£"rNft*PU 7^X=riC12 
5Sfi%03T^ i e=T*S:8. 1 gAft, 

U ^^6 0^+^1X2 7. 0g©NH 44 i 

<Di/v #mffc£#fc 0 r^^y*m*6 g i^K2 o. 1 

g£# 7^:77 Aft, ^;^-<^T*6 CCKflnajt 
LjfeflS£>, $&#T\ [Ru (NHj) a ] CI, 0/0 9 
5 g^3 0m 1 «Lfcfe©^^r(^TL, 

9^fi^ft£#fc 0 r^*^^^&fttf.4 5 

HfcKfeg^l2-i8. 5^^>al^6tSii 

figffc/Ux^^A^fi^tf-^li, RuO,/ (RuO,+ 
SiOj XI 00 = 0. 6 5lI%T 5 foofc 0 /l^7 = 
^A^fflc^tf-^^a, R U / (RuO,+ S iO,) XI 

00 = 0. 5gft%-cfcofc 0 rt??j:9t^Lr#^^fc 

^y#&#SHfc^-!>J*tt&2. 5 g Sr^JfiSfiSJ 1 i: 1^1 
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Sfc^SaSKfSWKaS&U M^^^l 8 7ml 
/m i n , g£3f £ 18 4ml /m i n T^ii 

<£>£f£fgt4f3: 0 . 5 4 X 1 0 H m o 1 /m i n • g -ftfe 
1 0 8 X 1 0 H m o 1 /m i n • g - R u Tfoo fc„ * 

io [oo58] 1 4 

^-V3£lftS:fTofc 0 rfrflg^r^nsM^y* (s^r^ 
o^/H±, 7xn^-3 0 0) 10g£r#7^$^7 
* =j dAft* o^i^^c 4 5 0ml & Aft, L*C1B$ 

p B iy 77 -y^^^^fco £ia*-c&*pu ? 7 ^3C2 

5M&%<DT>"e^T7k%8. 1 gAft, 2 0Ph1^EL 

^6 0W^)SU2 7. OgCNH'l 
©i^PW^fco r©i/!J*fifl!6gt*2 0. 1 
20 g^^7^77^^l^ ^^/^T6 OtteMft 
LJfc*S?,, a#T, (Ru (NHJ J CI, 0 . 19 
g 5 9 m 1 l:»IHLfct)©ift* |:iSTL» 

6t:T*3B^^LT#MfeH^5. 5 3g*#fc„ j| 

2-18. 5^y>^l^5t6r 

S3* &it^~i}-k'£ J BL<Offr%fc\$.* RuO,/ (Ru 
30 S i 0 2 ) X 1 0 0 = 1 . 3Mfl:%T*foofc 0 /Vr 

^^A-^ft^H-^tt, Ru/ (RuOs+S i O.) X 
10 0 = 1. 0|i%ffcofc 0 ^£>£ 5 l-LT#e>ft 
U ^fe^FKft/^^ ?J>>tt8E 2 . 5 g £HiS0iJ 1 t 
RIKK^KeMfl^atU fi^tzKSS^Srl 8 7m 
1 /m i n, gfe*^f^S: 2 0 2ml /m i n T*»fcigi £ ^ 

3f?O^Sfttt 0 . 8 1 X 1 0 "m o 1 /m i n • g - 
40 1182. 0 X 1 0-*mo 1 /m i n • g - Rut'fcc 

[0 0 5 9] M&ffl 1 5 

o^tt 7xn^l/~3 0 0) 1 0 g^^7^li77 
^ni^A^, o^2 0 0mltA^ AP^tTlB^ 
Pl!)7 7 y^» 0 M*-e^£PL, 77^3^2 
5fiffl%^>T>'^-r7KSr 1 0. 8g^4 0 0ml& 
50 Aft, 2 BP^KLfco gfciC, T^n^/u^y 
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^6 O^^L^^ BHTF* [Ru (NH S ) J 

Cl.l. 8 g&7K5 6 4 m 1 fcligfl? Lfc 

ifcTU l3JB&-e2t#ffl8l#Lfc 0 «M$&T 

ta— * y ^-t, 6 OTCillJPlRt^^ 

Q^Uty 4 5 6tf3 BSffl^fifc LtMSft 6 . 3 g 

/ (RuOi+SiOj) X100=ll. 2lt%T*fe 
ofc 0 Ar^ ^^#S^tf^iiti> Ru/ (RuO,+ 

s iOi) xi 00 = 8. 5li%tfeofc 0 

Sri 2-1 8. 5;* y^fc^&fcgfefb^Vj&frS 
g i: J; < 6 r t \z X 9 ffifflE£*&& Lfc£WM*2iife 
^Jli^Mf»|lfc 0 ^k**^S:l 8 0 
ml/min, gfe*^S:l 8 Om 1 /m i n^jllS 20 

fc D KfEffifel- 8B#F«£>B#jkT% ^fifcttaCSft^'f 
Wl£3R©^fiH4H2. 41X10^01 /m i n • 
g -tt&Tfc^fco WiRuWlfi^ "9 (7)S*©^J* 
S5ttt±2 8. 5 X 1 0 H m o 1 /m i n * g -Rut'fc 

[0 0 6 0] ^Jfefcl 1 6 
&0>;fri£fcJ:!Jttffi&i^Lfco -tt£t>*>, 12-1 
8. 5^t y^at^6i^t5 0 0^1B£KI(£j&£ 30 
iSrfcBfefb^ VjSfc (»CS3 00S) 10g£# 
yy. If— # — idV^rt^5^> MJ^h7^ foWWl'f" 
(Ru (NO) (NO,) 3 , Ru5fift%^ 

U-f7^hPi/;WVf^^M (Ru (NO) (N 
O.) „ Ru5 mfi%^W) 10. 0 g U 
fc 0 6 0 ( Ct?2^fflftj!feL&^, 

10 0ml /m i n <Z>££t$C8S£T'C^iB.;3» k 3 5 0t;S 

ifKb/^-^^fflcosfffflictt, Ruoy (ruo,+ 

TiO,) X100 = 6. 2li%f foot /^^!) 
^-affi£>H-^ffiht, Ru/ (RuOj+TiOj) XI 0 

ik7-?>&&mik^~V^f&m2. 5g£l2-l 

8. 5^y>a^6AfcK j fb^^^fe^5gtJ:<ig 
-&1-5ctliJ:l3ttJEiS:*3RUfc^(iHte0ili tts\m 50 
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fc^Jfc'ffl-ftatU mkfcmtf** 180ml/mi 
n „ ffiMtf* S: 1 8 0ml /m i n "CSKii £-grfc£Wi 

1. 8^^©B#^T\ *ffi«!^®aSI9©^W^ 
?£t£tt2. 3 9 X 1 O'mo 1 /m i n • g 

5 1. 0 X 1 O'mo l'/m i n • g-RuT*foofc 0 

[00 6 1] MM 1 7 

^f^^hov'W^^A^ (Ru (NO) (NO 
,) „ Ru5H%^t) 2gSr*2g|:jg»U hy 

2-18. 5 y^w^^'fT?5 o ot i 

ft&S-tffcBfefb^* (M^C S 3 0 0 S ) 10 

g £#7^tf— # — I^V^ t* y ~ = 
D«4g^i^iL, 6 0'C©^^7±-ca 

■fthO&Qf&.'P 6 0 < C-e2^Ffa$£jftLfc^, 10 0ml 
/m i n (B£&£tJftTT?^iaa> ^3 50^X^1. 5 

t#ra-c#ia u f^M^T 3 twM-r s zticxv m& 

U W^*10. 0g£r#fc o ^b^fclTKfeO 
^12-18. 5^^>a|^5^5r^ai ^ 

X-r>A^S©H-^g«, RuO,/ (Ru0 2 +TiO 
2 ) XI 00= 1. 3M:%-CS>ofc 0 /l^r-^-A^ 
ft<E>ff-£fiffte, Ru/ (RuO^TiO,) XI 00 = 
0. 9 9Sfi%T&ofc 0 r<oJ:5i-LT^?>^fcSft<b 
^^fi#&fb^-?-Att4&2. 5 g ^^WJiil^ 

^(^^^Wt-TtffiL, 8 0ml 

/m i n „ 1 8 0ml /m i n Ti&fficS^fc 

£>£f£fiH4t± 0 . 6 7 X 1 0 o 1 /m i n • g -ftfe 
jTCfcofc, £fc, ISRuttIII^«« 
f&ttfi 67. 4 X 1 0 "m o 1 /m i n • g - R u Tfo 

■Mb£*4&£>#18:ttK* btiftfa-o fc 0 
[0 0 6 2] HffiM l 8 

/^r^^A7K?0#) (R u C 1 3 ■ n H 2 0, Ru^l3 
5 . 5 %) 0 . 8 9 g 3 . 2 g i-^fi? Lfco tK^^ 

(tfft) » fife^b^^^^A^^^y hSr^Lfc% 
6. 0 g(-Jj§TLTAPx, ^b^r^!7A^^-^m 
i^Lfc 0 fefipLfcti^Sre ot;t?4^Fra$S;jtftL, 6. 9 
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;\s7-~$^m<Dft-m&te, Ru0 2 / (RuO*+Zr 
0 2 ) X 1 00 = 6. 5HSffi%tfo-?fc 0 /lsT—<?J*15 
fk<Dfr$m\$, Ru/ (RuOi+ZrO,) XI 00 = 
4. 9lS%T?feot rcD$&£rf»U 12-1 

12-18. 5^y^l^5^«f^«5g 
£ J: < U&1rZ Zbl^Xty LT^ifefll 10 

^{^^S&Wf^MU 2 0 0ml 

/m i n, $£iff#;*£ 2 0 0ml /m i nTtffci§£itfc 

(£>£|EjScfgt£fi 4 . 04X10^01 /m in-g-tt 
8 2. 4X10 ~*m o 1/rai n * g— Ru X&>-otz 0 

[ 0 0 6 3 J Ml&m 19 20 

^^TK^n^i (R u c 1 3 • n H 2 o) o. 7 0g£r 
m&nft 0 ftbtl1t7kffiK&, 12-18. 5^>y^=L 

/Hift (Sf^u^r (») 3r^y-T^H g-i 

0) 5. 0 g^iBTLTftl*., mtti'T-VJ*&'&&& 
ftLtCo J&fifLfct>£>& 1 0 Om 1 /m i n^ii^I 
T"C^f>10 0tST*0. 5^t*£lW 
■?2H$|Hi?£j!ifeLfc8h 100ml /m i n^^^M^T 30 

giaa>£>3 5 o < c*"c*52^FiHT?#iau, I5tfu^-C3t$ 
tc B nbftfc.m t &mi¥%i 2-1 8. 5^ ^^1^6 * 

(RuOj+S i0 2 ) XI 00 = 6. 2li%"Pfco 
fc D /Vx^^A^fi^ff^ffft, Ru/ (RuO,+ S 

i o 2 ) xi 00 = 4. 7Mfi%r*fcofc 0 r<£>J;5i^ 

UT^5>Hfc~>y*fiftSHt^7 1 -!>Aftfe^2. 5g£ 

£ 2 0 2ml/min, tl^^2 1 3ral/mi 
n T'iSftii 3-frfc£W*^ifc0!l 1 ^Sf^&l-ML LT£ 

ffiffl^ 0£>:&SS©£j5£i£i4«: 2. 04X10%ol/ 
mi n * g-tt^T?foofc 0 ^fitRu^mS^ 1 ?^ 
#<£>£f&?£t$f3:4 3 . 5 X 1 0-*m o 1 /m i n ■ g - 

[0 0 64] 2 0 
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^n^Slft (RuCI,'nH,0) 0. 7 0g£ 

tK4. Ogi^filU J;<^lT»f^^M^ 
^^r#fc 0 #6^fc*^Sr, 12-18. 5 

;« (ifv'U^r (t) ^r^y-r^b g-i 

0) 5. Ogl^jfiTLTM, ifift/^-S'A&^gHS. 
^tfco fi^Lfct^Irl 0 0ml/m i n^Ii^I 

"C2B$|Bj8J&Lfc^ 10 0ml/min«^IT 

^3^iMt5:^a!)^u m£©nft5. 3 

g &#7~ 0 #e>ttfcHfe@f*:S: 12-18. 5 * y*s^ 
^y^m^M^r^Afct^ 

zntco ^b^x^^A-^a^fi-Mii, 6. 2 

Mfi%T*feofc 0 ^^A^fi^JMiH*. 4. 71 

5 g?EigLfc: 0 tfrftzta?#*£2 0 2ml/min, g£ 
£ 2 1 3 m 1 /m i n •VUmStt&ft&MI&ffl 
l«*SMLt^^ffofc 0 SfSffi*&2. 4 

1. 9Xl'o H mo 1/ml n • g-ttitfeot, ¥ 
ftRutt&mft^0 0>:£&<3£j&7£teW:4 1. 2X10 
H mo 1/mi n • g-Rutfeofc 0 $fc, KJfcWffi 

[00 6 5] HffiCSJ 2 1 

/l^j^Azfcfiligj (Ru C 1 , • n H 2 0) 0. 7 0 g £ 
7k 4. Ogi^«?U ^(jtffLTl^f^?^^ 
SSSr^fco #bttfc7fc^%^ 12-18. 5^i^ 

j^5;t, s^-eso o t ci^Ba?£jtft$-e:fcvy *y 
(Si^y^r («o y-r^ f g-i 

0) 5. 0 gid^TUT^IP^, fift/^^^ASr^gm 
Sit &#Lfc 6 0 ( CT4^ffflft«ftU IMSfe 
<Z>@ffc£#;fc 0 #<b*l,fcIMt£@#£: 100ml/mi 

#tau lRiia^T3^ffflinssfti-5rti-«t oitericU m 

fi£)g&5. 3 g Sr#fc« j|P)iifcMafl£«: 12-1 

->y ^ja^k^r^^Atti^^ji t^i^^ 

19 <^S^W±^fSt4tt 2 . OXIO'mol/mi 
n • g-MjgTfeofc 0 ^iRu«lfl^^i|g© 
4j£jSttlJ4 1 . 8X10'mol/min-g-Ru 
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[0 0 6 6) %1Sm 2 2 

/UT^^i^fbtl (Ru C 1 , • nH 2 0) 0. 7 0 g £ 
*3: OgMU ^m^LT^tA^^-M^ 
^S:#fco #£>ftfc*i&i!S«\ 12-18. 5^r>* 

^4^5 o oti ^B9Kj!ft$-*fcrA'5'^ 

(ft^r/U5 (#0 NKHD) 5. OgCiTL, 

&6o , c-e4i$Baftjsu iMafe<^@*sr#fc 0 ft^fr 

1 0 0m 1 /m i nWg^iSTt'SI 
^£,1 OOtSt^O. 5B#f B 1-e^-?fibf5]MT'2B#r^ 
ffijft 10 0ml /m i n 0>ffi£C&$ftT^fi;& i 

ttfcmfe^^^ 1 2- 1 8. 5^-y^)^6i6rt 

fc\ Bftffc/^x-^A-^SWtf-iStfiiCtt, RuO,/ (Ru 
Oj+AhO,) X100 = 6. 2ll%T'feofc 0 /V 

^200ml /m i ^^^Sr2 0 0ml /m i n 
T*M£itfctW«»iJ 1 O^^tWLttro 

©:£3fc£>£j#iEttia 1 - 5 5 X 1 0 o 1 /m i n - 

Ii3 3. OXlO'mol/min'g-Rutfco 

[0 0 6 7] HJfeM 2 3 

/Ux^i^fr]!^ (Ru C 1 , ■ nH 2 0) 0. 70gS: 
tKi. 4gKi£A¥U £ t<m^UT^t^X" r >A7K^ 
?RS:#fc„ #^nfc*^4r, 12-18. dt-yi/*. 

^tf-cs o o^ci mm&i&zttmt's^ 

^^AjflJ (#0 E26H6) 5. Og 

£@f££ 1 0 Om 1 /m i n O^SSI^CifltT"^^^ 1 

o o °c£ x+m o . 5 t«-e#m uisiiaffit? 2 mmn^ u 
"c^-e^ 2 fTOT*#tau i^iaST 3 B#f»$rrs r t 

2-18. 5^s">-a.l^-t5^.5-i:icj; 
uOi+ZrOj) XI 00 = 6. 2St%tfcofco 
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X=£A£ffifi!)t1-3Mti\ Ru/ (RuO.+ ZrO,) 

xi 00 = 4. 7lfl%tfcofc„ rc^j; 5 t-LT^ib 

1 ti^«i^3?KRf£i t i-^«[t, mtfcmjf*% 2 
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[0 0 7 0] i 

AsT^V&ijtftifo (RuC l s * 3 H 2 0) 0. 70g& 
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8. 5t< 1^6^.5 ^t»-«t 9, vy ^a^^t 
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30 ^l«MWl«^tTofc 0 &ft»62. 
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^^^20 0ml /m i n VffiM £#fc 
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y*«9**i§fco ^e>Hfc^^=r^y**»5i£8. o g 

i^ftiflS^^/Vr^^A^^P^ (Ru^fi3 5. 5%) 
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